
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 




RETURNGD TO J. P. 

MARCH, is" 




> 




RETURNED TO J. P. 
^RCH, 19 




^ 



1906. 



Western Australian Timber Tests, 1906. 



Since the preparation of the matter contained in the accompanying 
Report, and particularly of those portions referring to the strengtli of tlie 
Timbers of the Eastern States of the Commonwealth, various other data 
has been received, and notably n " lieport issued ))y the (jlovernment of 
New South AVfrles in 1905.'' embodyinj^ the results of tests carried out since 
the publication of Professor Wfirren's test results in 1(S92. 

In this report the strenjith of certain of the Timbers indigenous to 
New South Wales and Queensland are set down at figures considerably 
below those previously (quoted, and it is to be presumed, therefore, tliat 
these later results fire more nearly representative. 

Taking, however, the whole of the data 3*et published concerning 
these Hardwoods, the comparatively small number of specimens tested, 
and the manner in which apparently tliey were selected and prepared 
(vide Professor Warren's report), precludes the acceptimce of the rc^stiltant 
data as in any w^ay conclusive. 

It is the intention of this Government to conduct tests upon the 
most im[;ortant of the valuable Ilardw^oods of Eastern Australia in a 
manner exactly similar to and wdth the same appliances as were used in 
the tests of the Western Australian Timbers, in the hope that the data 
thereby obtained, together with that embodied in the accompanying lleport, 
may prove of value to Timber users throughout the world, and to fdl those 
interested in the Hardwoods of Australasia. 

Whilst it is essential that the average strength of the various Timbers 
should be known, yet a high ligure in this respect does not alone prove 
a Timber to be the best available for the work required, since two other 
factors, namely, ••durability" and ••quantity" available, are also of the 
highest importance. This is especially to be noticed in the case of '• Jarrah," 
the strength of which is. as the accompanying Eeport shows, equal to all 
re(iuirements, its '• durability " as high, and the quantity available greater 
than that of anv other Timber in Australasia. 



NEWTON I MOORE, 

Premier of Western Australia. 

28th September. 1906, 
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WESTERN AUSTRALIAN TIMBER TESTS, 1906. 



PREFATORY NOTE. 



i^HE rational designing of timber structures of all kinds involves a thorough know- 
ledge of the physical chamcteristics of the timber to be used. 

Such information has not been available concerning the timbers of Western 
Australia, although, as it is hoped this report will show, they are to be classed amongst 
the most valuable of the woild's hardwoods. 

The Government of the State having decided (hat a full investigation was 
necessary, the matter was placed in the writer's hands, and, with the assistance of the 
officers of the Railway Department, and particularly that of his Chief, Mr. E. S. Hume, 
Cliief Mechanical Engineer, he has been able to carry out a fairly complete* series of 
tests, the data from which are briefly summarised in the accompanying Report. 

It is hoped that the information therein contained may be of service in the 
development of the great timber resources of this State, and to the Engineer in enabling 
him to make the best use of the materials available. 

The writer desires to make a special acknowledgment of his obligation to 
Mr. E. A. Evans and Mr. Kirkbride, of the Railway Worksliops, for the very great 
assistance rendered by them in the prepamtion of the timber for test, and es[)ecially to 
Messrs. F. Shaw, G. F. OX'Onnor, J. M. Limb, E. Goodchild, and A. Cooper, and to 
those who worked under their direction, for the whole-hearted and painstaking manner 
in which they have carried out what has proved a very heavy and arduous work. 

Many valuable samples were received from other Government Departments and 
outside firms, a full description of which accompanies the Report. 



G. A. JULIUS. 



Midland Junction, 

2l8t Julv, 1906. 



Report upon the Physical Characteristics of the ''Hardwoods" of 

Western Australia. 



INTRODUCTION. 

An examination of all hitherto published results of the tests of the timbers 
indigenous to this State will show records varying to such a wide extent as to render 
them of little value for practical purposes. 

Thus the tensile strength of Jarrah is given by tliree authorities, values of 2,940, 
5,000, and 16,407 lbs. per square inch respectively, and similar wide discrepancies occur 
in the majority of the results, but in no case are sufficient data given to determine the 
cause of such differences. 

Undoubtedly the most complete and valuable timber tests yet reported are those 
conducted for the United States Government upon the timbers indigenous to that 
country, and a study of these tests, which were carried out under the direction of the 
late Professor J. B. Johnson, and quoted by him in his classical work upon the 
'• Materials of Construction,'' clearly determines the cause of the great divergency in the 
results obtained from timber tests, namely '''variations in the percentage of moisture present 
in the timber.'' 

He reports tliat " with all the species tested (United States timber) the strength 
at 12 per cent, moisture is some 75 per cent, stronger than the same sticks are, either 
green or when wet through, after seasoning." 

He further states that " it is the absence of any determination of the moisture 
condition of the test material that vitiates practically all tests of the strength of timber. 
Since large timbers require many years to season or dry in the open air, while small 
test sticks dry out very quickly, it is certain that the difference in the moisture 
conditions will fully explain the marked differences which liave been observed in the 
strength of identical material in different sizes. It is to be hoj)ed that in future all 
tests of the strength of timber will be so made as to fully reveal this condition as a 
definite j)ercentage of moisture across the section near the region of failure." (See 
" Materials of Construction," page 668.) 

In \iew of the necessity for a comi)lete and final determination of the physical 
characteristics of our timber, owing to the contradictory nature of all existing records, 
it was decided to conduct the whole of the tests in such a manner as to fully satisfy the 
conditions laid down by Professor Johnson. As a result it has been found necessary to 
carry out over 16,000 tests, the data from which are summarised in this report, which 
" data " coHipletely, and, it is to be hoped, finally establish the timbers of this State in 
a position at the head of the timbers of Australasia, and in the front ranks of the 
world's hardwoods. 

S( HEME OF TESTING. 

When timber is used for constructional purposes, it may be subjected to any of 
the following stresses: — 

(a.) " Transverse " or " cross bending " stresses, as in beams which give rise to 

tensile, compression, and shearing stresses in the material. 
(6.) Direct "tensional" stresses occurring in the tension members of framed 
structures. 
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(c.) IJirect " end '' compression stresses, occurring in the compression members 
of '• struts " of framed structures and in columns, etc. 

(rf.) " Cross " compression stresses occurring wherever a '• loaded beam *' is 
supported by a column, or upon a second beam, and also in the case of 
slee|x*rs where they caiTy the rails. 

(<'.) '' Shearing ** sti-esses along the fibres occurring frequently where timber is 
used for joints or " keys " in framed structures, and also along the 
" neutral axis " of beams. 

(/!) "Combined shearing" and " compression " stresses set up in timber when 
subjected to blows on end, such as occur in the case of '' piles ' when 
being driven, and in "mall" heads, etc., as also to a lesser extent in the 
case of columns carrying a live load, such as railway bridges, piers, etc. 

To satisfactorily determine the " strength," both " ultimate " and " within the 
elastic limit," of the various timbers of this State, the following tests were conductc^d : — 

(i.) Tests in cross bending, the timber being used as a beam, supported at the 

ends and loaded centrally. 
(2.) Tensile tests. 
(3.) End compression tests, the load being applied " endwise " upon specimens 

of various dimensions, and ratios of "length to breadth." 
(4.) "Cross" compression tests, the load being applied across the fibre of the 

material. 
(5.) Shearing tests along the fibre of the material. 
(6.) " Hardness " tests determined by the resistance to [)enetration, under both 

" steadily applied " and " suddenly imposed " loads, 
(y.) " Spalling " tests, which were arranged to record the resistance opposed 

to splitting and crushing under repeated blows " on end. " 

In addition to the above, tests were made to ascertain the " holding power " of 
the various timbers upon Railway "dog spikes" both with green and dry timbers, 
with spikes newly driven, and with those that had been in ))lace in " sleepers " for a 
varying number of years. 

('hemical tests were also conducted to determine the nature of the sap present in 
the various timbers and its effect upon metals, etc. 

In order to comply with the conditions laid down by Professor Johnson, 
" moisture " tests were made on sections taken from every specimen tested under the 
above headings, these " sections " being cut immediately after the completion of the 
" physical " test concerned, and the moisture condition determined in the manner here- 
inafter described.' 

Professor Johnson has stated that it has been found sufiiciently accurate in the 
case of the American softwoods to calculate the strength of the large beams from the 
results of tests on small specimens, this being due to the comparatively low " strength " 
of these timbers, and the large size and uniformity of the trees from which they are cut. 

In the case of the majority of the Australian hardwoods, this assumption cannot 
be made, as the " direction " of the fibres in the hardwoods is not so uniformly even as 
it is in the " softwoods"; and since the individual strength of these fibres is very much 
greater in the former than in the latter, any deviation between the direction of the fibre 
and the direction of applied stress is felt to a correspondingly greater extent in the 
hardwoods, and such deviations naturally occur more frequently in large than in small 
specimens. 



For this reason Cross bending tests have been made upon specimens varying in 
size between Tin. x lin. and 12in. x Sin. at all degrees of moisture, and the results 
obtained have fully borne out the above contentions. 

As was to be expected, the timber that has shown the least divergency between 
the results obtained with the large and small specimens, is " Karri " [E. dirersicolor\ 
due, no doubt, to the very large size of the trees and the comparative straightness of 
the grain. 

In order to render the data obtainable from these tests in a form suitable for 
practical use, the average results have been plotted as " curves " (published herewith), 
which show clearly the strengths of each of the timbers in beams of varying dimensions, 
and at all degrees of moisture between '' green " and " dry.'' 

SUPPLY ANU PREPARATION OF TEST SPECIMENS. 

As it was of importance that the results obtained from these tests should fairly 
represent the average qualities of the various timbers, specimens, wherever possible, 
were taken at random from the conti-act supplies of timber to the various Government 
Departments. 

Other specimens were supplied by vaiious private timber companies, notably the 
Millar's Karri and Jarrah Forests Co., Ltd., from their stocks. 

In many cases both dry and green logs up to 4ft. in diameter were supplied, and 
these were broken down for tests at the Government Workshops, and the whole tested 
so that the results obtained may with certainty be taken to represent a true average. 

The accompanying Schedule, No. 2, gives particulars of all the timbers received, 
which included the following varieties and quantities: — 



Local Name. 


Systematic Name. 


Approximate 

quantity received 

for teat, 

Buper. feet. 


Jarrah 

Karri 

Tuart 

Wandoo 

Blackbutt 

Red Gum 

Yate 

York Gum 

Salmon Gum 

Morrell 

River Banksia 
Native Pear 

Jam Wood 

Sheaoak ... 

Swamp Oak 


E. marginata 

E. diversicolor 

E. gomphocephala 

E. redunca 

E. patens 

E. calophvlla 

E. cornuta 

E. loxophleba 

E. salmonophloia 

E. longicomis 

Banksia vehticillata 

Xylomelum occidentale 

Acacia acuminata 

Casuarina Fraseriana 

Casuarina 

Total 


3.900 

2,700 

3,050 

3,720 

4,400 

3,200 

1,160 

1,580 

241 

417 

354 

133 

40 

262 

197 




25,354 sup. ft. 



Each specimen as received was, if necessary, broken down, then machined and 
planed on all sides, micrometrically measured, and weighed, preparatory to being 
tested transversely. 

After this test, the fractured portions and the requisite moisture sections were 
cut out of the middle, and the ends of the specimens again machined for other varieties 
of tests ; and after each successive test a further moisture section was taken close to the 
fracture. 

No artificial seasoning of any kind was adopted with any of the samples, the 
beams, after machining, being stacked horizontally under a roof only until required for 
test. 



Many interesting samples of timber that had been in service for a great number 
of years were receivtnl for examination and test, particulars of which are given here- 
after. 

A very great number of tests were made upon each of the more important 
timb(»rs, in order to obtain '' true " averages. Much of the contradictory nature of pre- 
viously publishc^l test results has arisen from the inadequacy of the number of 
spcH'imens. 

Thus in the tests of W.A. timbers (Jarrah, Karri, and Red (nim) carried out at 
Sydn(^y University, upon the results of which have been based almost the whole of 
tlie condemnatory reports of th(*se timbers, only 14 samples w^ere tested in cross breaking 
and a corresponding number in each of the other classes of test, or an average of under 
five per timber. 

In tlie present investigation, the following number of tc^sts have been made, upon 
the st»ven timbers of t lie greatest value: — 



Cross breaking' 

Tension 

End compression 

Cross compression ... 

kSheiiring alon^ the ^raiu 

Hardness, etc 

Moisture 

Ti)UiU ... 



Totaln. 


Averafre 
per variety. 


1749 


250 


450 


04 


2^)2H 


2i>0 


71S 


102 


654 


93 


H7:i 


125 


<3,4<J7 


924 


12.9:^4 


1,848 



METHODS OF TESTlNCi. 

ArPLiANCKs I SKI). — 'Hie greater part of tbe testing was earned out with a 40-ton 
horizontal testing machine, s{)ecially designed and built in the year 1902, by Messrs. 
Joshna Huckton & C'o., of Leeds, England, to meet the re([uirements of tlie Railway 
DepartnKuit. Plates Nos. lo to 25 dearly show the arrangement of this machine, 
which has admirably fulfilled the duties required of it. 

Many new appliances have been fitted to it since its erection, and it is now 
caiuible of dealing with cross-bending tests on beams up to W feet span ; tensile tests on 
specimens up to 40 feet in length; compression and colunm tests to 12 feet in length ; 
torsion tests up to 45,000 inch lbs., and, in addition, is fitted with special appliances for 
shearing, and cross compression, etc. 

To assist in the tests of timbers it was equipped with a specially designed 
autograi)hic stress strain a])paratus, which will accommodate a diagram two feet s([uare, 
and also with an automatic electric beam-balancing nunhanism, which lias been used 
throughout the t(JSt with complete success (descriptions of both these apj)lianc(*s are 
given in Apix^ndices 1 and 2 respectively). 

The whole machine was overhauled before testing commenced, and twice during 
the progress of the work, and the '' knife edges," etc., maintained in good condition. 

The '* load " is applied hydraulically, and the re(juired water, under pressure, is 
sui)[)lied from a special accumulator, which is pumped up betwcvn tests, the pumps 
being stoi)ped during testing to ensure evenness of loading and absence of all 
shock. 

In addition to this testing machine, a small 8-ton machine was built to deal with 
the lighter ti^sts, and tlu^ tests with tlu^ holding power of dog spikes. In this appliance 
the load is applied hydraulically from an accumulator and measured by a water balance. 



" Impact" and ''Spalling" tests were made on a dead-weight apparatus equipped 
with automatic '^ lift " and '' release," and deflection-measuring gear, the blow being 
taken on an anvil weighing one ton, carried upon lin. rubber pads on a solid 4in. floor. 

''Moisture" tests were made upon thin sections (1/I6in.) cut as close to the 
fracture as possible, and within 24 hours of testing. Those sections were immediately 
weighed upon a No. 5 '' Oertling " (Chemical Balance, then placed in sets in a water 
oven, and there maintained at a constant temperature of 240° F. for a i>eriod of four 
hours, after which they were again weighed, and the loss determined. 

The oven was specially designed to deal with this work, and is shown on Plate 14. 

Cross Bending Tests were carried out on spans varying between 3 feet and 
10 feet, depending upon the size of the specimen. The deflection multiplied by 20 was 
automatically recorded upon a special scale from which the moduli of elastidty have 
been computed. Notes were taken throughout the tests as to the behaviour of the 
specimens, and the nature and location of the '* failure." 

The loads were ai)plied to produce uniform rates of deflection depending upon 
the span, that for 5 feet span being ^-inch per minute. 

Tensile Tests were carried out on turned specimens, the nominal *' reduced " 
diameter of which was lin. 

These were held in special grips as shown on Plate No. 25, and an autographic 
stress stmin diagram was taken with eiich specimen, from which the moduli of 
elasticity have been calculated. 

No trouble was exi^erienced in holding the si)ecimens, except that in a few 
cases where the tensile stress was high the reduced portion pulled through one or both 
of the enlarged ends, an example of which is shown on Plate 25, this occurring chiefly 
in testing " Karri," which has a relatively low shearing strength along the grain. The 
average rate of loading throughout the test was 1 ^ tons per minute. 

Tests in End Compression. — These were all carried out between accurately 
squared steel tables, the ends of each specimen being ground true and square with its 
axis in a machine specially prepared for this purpose. All columns were of square 
section, owing to the large amount of labour that would have been involved in turning 
them to a circular section. 

The end deflection multiplied by 100 was automatically recorded on a special 
scale from which, in the case of specimens failing in direct compression, the moduli of 
elasticity were calculated. 

In the case of " long " columns, the '• lateral " deformation was autographically 
recorded relative to the end section of the specimen by means of the ai)paratus shown 
on Plate 16. This was done to determine the direction relative to the "annual rings" 
on the section, in which the various timbers tended to deflect laterally. The rates of 
loading were maintained within pre-determined limits depending upon the size and 
length of the specimen. 

Tests in Cross Compression were carried out in two ways, as follows: — 

(i.) On specimens square in section, the length nominally twice the breadth, 
and the load applied over the whole of one side face. 

(2.) On specimens square in section, the length nominally four times the 
breadth, and the load ai)plied through a steel plate 4in. in width with 
square corners, which took its bearing upon the specimen on one side 
face, the opposite side face being sui)ported over its whole surface. 

In practice the load is more frequently ai)plied in the latter manner. 
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111 both methods, two arbitrary limits were chosen to determine the points of 
"initial" and ''total failure," the first being that point at which the deformation 
equalled 8 per cent, of the depth of the specim<^n, and the latter when 15 per cent, of 
the depth was reached. 

These limits are the same as those that were adopted for the United States 
Government tests. 

The two " points " were automatically determined by an appliance shown on 
Plates 17 and 18, which is similar to that used by Professor Johnson, and described by 
him in his " Materials of Construction." 

This apparatus, of which a description is given in Appendix No. 3, dispenses 
with tJl calculation in the determination of the two limits, and was found to be both 
convenient and accurate. The average rate of loading in these tests was Ij tons per 
minute. 

Shearing along the Grain. — Tliis test lias also been carried out in accordance 
with two distinct methods, as follows: — 

(a.) The specimens were prei>ared as shown on Plate 23, and the load applied 
by means of a " round backed " self-adjusting cotter which pulls out 
the " end " of the mortise (see Plate 56). In this method the section 
under test is sustained only by the resistance opposed by the material 
to '• shearing along the grain," and there is no doubt that the results 
obtained in this manner accurately represent the true strength of the 
material in this direction. 

The si)(»cimeiis were mortised in a '' Chain Saw " mortising machine, 
which cuts the necessary slots '' clean " and without shock to the 
timber. 

This method is due to Professor Johnson, and is that adopted throughout 
the United States Government tests. 

(fe.) As the above arrangement gave results uniformly much below those 
obtained by Professor Warren when testing the timbers of Australia 
(including Jarrah and Karri), it was considered advisable to also carry 
out tests by his method, which is clearly shown on Plate 2-4. 

As >vas to hav(^ been exjiected, very much higher results were obtained, 
particularly with " curly grained " timber, and an examination of 
the fractures (see Plates 60 to 61) has shown that the "enforced" 
failure along the plane defined by the apparatus results in a tensile 
stress being brought to bear ujion many, of the fibres, thus greatly 
raising the ultimate " shearing " stress. 

Timbers tested in this latter method give results uniformly, from 
75 per cent, to lOO per cent, higher than when tested under method 
" A." 

Tests for Hardness. — A •' hard " wood has been defined as one requiring 
a load in excess of l,()()()lbs. per square inch to produce an indentation of one-twentieth 
of an inch. 

Tests were made to determine this factor, which is of considerable importance 
in sleepers, upon specimens Piin. x 3in. x 2in. The load was applied through a 
circular steel die nominally one square inch sectional area, and the '' instant " of 
obtaining a jKMietration of one-twentieth of one inch was automntically recorded by the 
apparatus shown on Plates Nos. 17 and 18. 
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The relative hardness was also derived by measurement of the penetration 
])roduced by a weight of 401bs. falling from a height of five feet on to the specimen, 
which was held firmly upon a machined surface that formed i)ortion of an anvil of one 
ton weight. 

The requisite height of drop was previously determined by experiment, and was 
sufficient to produce well-defined differences in penetration, but not so great in the 
majority of cases as to split the timber. 

To afford means for comparison, a number of samples of " American oak *' and 
" Selected Indian " teak were tested for hardness by both methods, and the results are 
given hereafter. 

Spallinct Tgsts were made upon turned specimens, three inches in length and 
four square inches in sectional area, by allowing a 401b. weight to fall upon them from 
a height of live feet, the specimens being placed on " end '* on the one ton anvil. 

The number of blows required to produce certain ^' deformations " upon the 
specimens, as recorded automatically, were taken as a measure of the resistance to 
*' breaking up under shock " by comparison with the results obtained on similar tests of 
American oak and 'leak. 

Tests to determine the holding power of dog spikes in sleepers were 
made with both old and new sleepers, the old sleepers being drawn from the "^ road " 
by withdrawing two out of the four spikes, thus allowing the sleeper to be removed 
without disturbing the remaining two spikes. 

These were then " pulled out " by means of the apparatus shown in Plate VG, the 
"pull" required to "start'' the spike being recorded, as also the size and type of spike. 
New holes were bored in the "old" sleepers and the spikes re-driven, to be again jnilled 
out in order to determine the holding powTr of the " used " slee|>ers ui)()n the freshly- 
driven spikes. Similar tests were also made upon new sleepers. 

All of tlie spikes were fin. square, and, with the exception of several of the 
oldest sleepers, were of the standard pattern marked H on Plate 26, and had been driven 
into holes bored with a |in. auger. 

Chemical Tests of Saps were carried out in the Department's Laboratory, the 
sap being obtained from fairly green samples of the timbers when placed under a 120- 
ton hydraulic press. 

Calculation from Test Results. 

I'o ensure a thorough understanding of the methods adopted in arriving at the 
results given on the accompanying " test sheets," and to assist in the jmictical applica- 
tion of the data therein contained, the following bri(*f statement of formnhp and 
methods is given : — 

Moisture i)ercentages as obtiiined from Bcctions cut from specimeuK and dried — 

Moisture \yeT cent, of toUil weiglit= ^ xlOO where Wl = weight of section before 

dryinj^, and \V2 = weight of section after drying. 

In all the accompanying diagrams the " strengths " are given for various degrees of 
moisture expressed as a percentage of the " dry weight " of the material, which is 
obtained as follows : — 

Moistui-e ])er cent, of "dry" woight=r— — — -rj x 100 where M = m«>ibture per cent. t)f total 
weight. 
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Specific Gratnty. 

Each si>eciiiien was weighed and measured Ixifore the cross couipressiou test, and its moisture 
|)erceiitage takeu immediately after that test. 

PVom this data, the followinj^ calculaticms were made in each case : — 

W 

Total ireiyht per cubic foot = — Jbs. 

\j 

Where W = Weight of specimen in lbs. 

and C = cubic content« expressed in cubic feet. 
Dry freight per ruhic foot = W (1 — M) lbs. 

Where W = total weight per cubic foot. 

and M = moisture |ier cent, of total weight. 

CrosS'bendiny Teats. 
W =breaking load at centre of l)eam in lbs. 

D ^= d»'flection in inches per ton of load within the elastic limit as determined bj the stress- 
strain diagram. 
Wo - load (in lbs.) on the beam at the "Apparent Elastic Limit" as determined from the 
stress-strain diagram. 
This ** limit " is defined as " the point on the stress strain diagram of any material, in any 
kind of test, at which the rate of deformation is 50 per rent, greater than it is at the 
origin. 
B = breadth of beam in inches. 
H = depth i)f beam in inches. 
L = span in inches. 
Then. 

3 W Tj 

Ultimate extreme fibre stress = ' lbs. per square inch. 

2B H* ^ 

3 We L 

Extreme fibre stress at Apparent Elastic Limit = - lbs. per square inch. 

^* 2B H* 

Modulus of elasticity ^= lbs. per square inch. 

iDBH** ^ 

End Compression Tests. 

B = Breadth, or minimum lateral dimension of column in inches. 
H = " Depth," or " maximum " lateral dimensions in inches. 
L ^^ Length of column in inches. 
W ^= Load at fallun' in lbs. 

I) — Reduction in length (in inches) per ton, of load within the elastic limit for " short 
column.s." 

Then ** Radius of Gv rat ion " = 

V 12 

W 

Uitimate load per sq. inch — lbs. 

B H 

Modulus of Elasticity for *' short " columns ==- — lbs. per sq. inch. 

BHD 

Cross Compression Tests. 

(a.) Load applied over whole surface — 
W = Ti)tal load in lbs. 
L -- Lt-ngth of si)ecimen in inches. 
B -^ Breadth of specimens normal to direction of loading in inches. 

W 

Ultimate load per sq. inch ^-= lbs. 

L B 

{h.) Load applied through steel plate — 
K -- Width of plate in inches. 

W 

Ultimate load per sq. inch ^ lbs. 

' ^ KB 

Tensile Tests. 
W --^ Total load in lbs. 

I) --- Elongation produced by one ton load (within elastic limit). 
A - - Sectional area of specimen in sq. inches. 
L - - ** Gauge" length of specimens, i.e., length over which the elongation is measured. 

W 

Then Ultimate load tht sq. inch =-■ - lbs. 

A 

And Modulus of elasticity -- *"--- ^ lbs. per sq. inch. 

AD ^ ^ 
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Shearing Tests. 
Method A. 
W = Total load in lbs. 

B =^ Breadth of speitimen in direction of " slot '* in inches. 
D = Depth of material between "slot" and "end" in inches. 

Load per square inch = lbs. 

^ ^ 2 BD 

Method B. 

W = Load in lbs. 

B = Breadth of specimen in inches. 

L = Length of specimen in inches. 

W 
Load per square inch = lbs. 

Hardness Tests. 

W = Total " static " load in lbs. 

D = Depth of indentation = l/20th inch iu these tests. 

W 
Load per square inch to produce l/20th inch indent^ition = - lbs. 

Relationship between Direction of Loading and "End Section" of 
Specimen. — As the position in the tree from which a specimen is cut, and the 
direction of loading relative to the " annual rings " and " radial lines " as shown on the 
end section of the sample, are of considerable importance, jmrticndarly in cross bending, a 
complete record of these sections was kept for all tests, and these are included in the 
schedules of detailed results. The method of notation adopted in this record is shown 
on Plate 13. 

RESULTS OF TESTS. 

The data obtained from these tests, which exceeded 16,000 in number, are 
summarised upon the accompanying schedules and diagrams, and may be considered 
under the following headings : — 

(i.) General summary of results expressed in such a form as to be comparable 
with the information available concerning other hardwoods. 

(2.) Detailed description of the general results of the tests, with special 
reference to the effects of seasoning upon the strength, and the 
relative strength of members such as "columns" and '-beams" of 
varying dimensions. 

(3.) Consideration of the results of those special tests which cannot be classed 
under the general heading, such as the chemical tests of " saps," the 
holding power of " dog spikes " in sleepers, and the possibilities of the 
satisfactory treatment of the various timbers to enable them to 
resist the attacks of dry rot and white ants, etc. 

L General Summary of Results. — L^ndoubtedly the most satisfactory method 
of " expressing " the characteristics of our timbers, many of the most valuable of which 
are yet practically unknown, is by comparison with those of well-known hardwoods 
indigenous to other parts of the world ; and in order that such a comparison may be of 
value, it is essential that all results should be expressed in accordance with a "- common " 
standard. 

This has, as far as possible, been done in the accompanying Schedule No. I 
(folded sheet at end of report), in which is given the " strength " of the Western Austmlian 
hardwoods, as determined by the present series of tests, and also that of the most 
important of the " hardwoods " of the Eastern Australian States and of other parts of 
the Worla. 
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The whole of the figures given for the Western Australian timhers represent their 
"strength" when containing an amount of moisture equal to 12 per cent, of the dry 
weight of the wood, this being the standard adopted in the United States (jiovernment 
tests. 

The results of the tests of the American Ash and Hickory, and of " Djatti," are 
also expressed in accordance with this standard, which is probably the fairest that can 
be adopted, although .higher results are obtained from still dryer timber. 

In the case of the figures given for the New South Wales hardwoods, which are 
also common to Queensland, tlie exact degree of " seasoning " is unknown. These 
figures are taken from Professor Warren's tests of Australian timbers published by the 
New South Wales Government in 1892, and represent the average strength of those 
specimens that had been " cut " and " seasoned " for at least 12 months, and in most 
cases for over two years, prior to being tested ; and from experience obtained here with 
specimens of a similar size, the moisture percentage at the end of 18 months would 
be at least as low as 12 per cent., and in most cases below that figure. Hence the 
comparison made between the timbers of the two States is, if anything, favourable to 
those of New South Wale«. 

With regard to the results quoted for the timbers of Victoria and Tasmania, 
which are taken from Mr. James Mann's work on Australian timbers published in 1900, 
no information is available concerning their moisture conditions. 

The figures given for English Oak, Teak, and Lignum Vitae are for " seasoned " 
timbers, and are all quoted from the works of reliable authorities, whilst those for 
American Oak and Hickory are from Professcn* Johnson's work on the "' Materials of 
Construction." 

The data given in this schedule may therefore be accepted as accurately repre- 
senting the strength of the timbers of this State, both directly and by comparison with 
the results quoted for other hardwoods. 

On Plate Xo. I is shown a graphical summary of the strength of 21 of the most 
important of the Australian hardwoods, and it is to be remarked that six out of the first 
eight places are held by Western Australian timbers, and that two of them, and one to 
a most marked degi-ee, are superior to the New South Wales Ironbark, which comes 
third on the diagram. 

Against each timber is given the number of specimens tested, and the large 
number of such tests in the case of Western Australian timbers entirely precludes the 
suggestion that " picked " specimens only have been dealt with, as does also the method 
in which the samples were obtained. 

2. Detailed Description of the Results of the Tests. — From the figures 
given on Schedule No. 1 the following deductions have been made: — 

A. — Specific gravity^ and its relation to strength. 

The heaviest of the Western Australian timbers, and of all the Australian 
timbers of note, are Yate and Wandoo, which when first cut both average 791bs. per 
cubic foot, Tuart and York Gum following closely with weights of 78 and 77 lbs. 
respectively. 

When seasoned, i.e. at 12 per cent, moisture, Yate and Wandoo are still the 
heaviest, with Tuart, York (ium, Salmon Gum, and Morrell following in that order. 

It has been stated that the weight and density of a seasoned timber is to a 
certain extent a measure of its strength, and this is borne out in the the case of Yate, 
which is the heaviest and very much the strongest of the Australian hardwoods ; and 
although Wandoo and Tuart do not come next in ordei; of strength, yet both are well to 
the front. 
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It is more nearly correct, however, to state that, the greater the density and 
therefore the weight, the greater is the strength to resist Compressive stmin, whether 
applied edgewise or crosswise; and this is fully borne out by the results of the tests, in 
which the relative positions are, Yate, Wandoo, Morrell, Tuart, Salmon (Jum, and York 
Gum. 

It has been found that the "density" is no criterion as to the ''Tenacity " or 
Tensile strength of the material, and lience, therefore, affords no guide as to the relative 
strength of beams which largely involves the tensile strength of the timbers. Thus, 
Kani, which when seasoned is lighter and less dense than any of the above-mentioned 
timbers, is very mucrh stronger in tension and as a '* beam '* than all others, excepting 
Y^ate and Salmon Uum. 

Red Gum also, which is comparatively light when seasoned, is very strong in 
tension, although not so high when used in beams, due to its lower compressive strength. 

Generally speaking, the following deductions niay be accepted: — 

(i.) Timbers in which the grain is closely twisted and interwoven are in 
general very hard, dense, and heavy ; high in compressive strength both 
edgewise and crosswise, and also in shearing strength along the grain ; 
comparatively low in moisture, and, relatively to the straight-grained 
timbers, are lower in tensile strength, and therefore to a certain extent 
less strong where used as " beams." Such timbers are VN'andoo, Tuart, 
and York Gum. 

(2.) Timbers in which the fibres are straight and even, are relatively less hard 
and dense, and are lighter ; considerably higher in moisture percentage 
when green ; stronger in " tension," and therefore generally stronger as 
beams, but are correspondingly lower in compressive strength and in 
shearing strength along the grain. 

Such timbers are Karri, lied Gum, Blackbutt, and Jarrah. 

(3.) Timbers lying midway between these two conditions, although not so 
*' dense " and '' hard " as those coming under the first heading, are in 
general stronger than either ; such timbers being Yate, Salmon Gum, 
and Morrell. 

(4.) Timbers coming under the first and third headings in general are to be 
found either in districts where the rainfall is comparatively light (such 
timbers being Wandoo, York Gum, Salmon Gum, and Mon-ell) or in 
localities where the soil is porous and does not retain the moisture, 
such as the sandy country to which I uart is almost wholly confined. 

The straight-grained timbers are to be found in districts with a heavier 
rainfall, and particularly in soils that hold the water. 

(5.) In every case, in the timber grown in the dry districts — viz. Wandoo, 
York Gum, Salmon Gum, and Morrell— the moisture percentage is 
very low, the average of the four, when green, being 28 per cent., and 
the sap is of a thick viscous nature. These timbers, when cut, season 
very slowly, and shrink to a comparatively small extent in seasoning. 

In timbers growing in loose " porous " country, such as Tuart and Yate, 
the moisture percentage is higher, averaging 37 per cent., and the 
sap is of a more fluid nature. 

These " season " more rapidly, but shrink very little in the process, this 
being markedly the case with Tuart. 
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In the straiprht-grained timbers — Karri, Jarrah, Red Gum, and Black- 
butt — the moistures pereentajjc^ when green averages 60 per cent., 
the sap being very fluifl ; and these timbers season more rapidly and 
shrink to a greater extent than those witli lower initial moisture. 

Cross Bending Tests. — The general results of these tests on beams of various 
sizes are clearly shown on diagrams Nos. 3 to 8. The curxes there given clearly 
demonstrate the very great variations in strength at different degrees of seasoning, thus 
fully bearing out Professor Johnson's contentions in this respect. 

From these curves and other data obtained in testing, the following information 
has been derived : — 

(i.) The ultimate extreme fibre stress for beams of various sizes at 12 per 
cent, moisture lies between an average of 22,5001bs. per square inch 
for small Yate scantlings (up to 10 square inches sectional area) and 
12,6001bs. per square inch for heavy Blackbutt beams, the actual 
figures being summarised on Schedule No. 3. It is seen that at 12 per 
cent, moisture, small beams up to 10 square inches sc*ction are from 
10 per cent, to 16 per cent, stronger than beams of sizes between 20 
and 25 square inches section, whilst heavy beams (30 to 40 square 
inches) are from 8 per cent, to 22 per cent, weaker. 

As was to be expected, the least variation (8 per cent.) was obtained with 
Karri, owing to the large size of the trees and the evenness of the grain, 
Tuart and Blackbutt following next for the same reason ; and the 
greatest variation (22 per cent.) occurred in the case of Red Gum, due 
to the presence of gum veins in the larger beams. 

(2.) At 12 per cent, moisture the strength at the Apparent Elastic Limit lies 
between 89 per cent, and 69 per cent, of the ultimate extreme fibre 
stress, Tuart and Jarrah occupying the extreme positions respectively. 

(3.) At 12 per cent, moisture the average modulus of elasticity lies between 
2,800,000 (Yate) and 1,800,000 (York Gum). 

It was found that in those timbers with high moisture ])ercentages, i.e. 
Jarrah, Karri, Red Gum, and Blackbutt, the modulus of elasticity was 
equal to 150 times the Ultimate Extreme Fibre Stress. 

In the case of Yate and Tuart, this ratio fell to 136, and for the dry 
timbers —Wandoo, Salmon Gum, York Gum, and Morrell — its value 
was 131. 

(4.) For average size beams (25 square inches section), the percentage reduction 
in strength between " seasoned " and " green " timber varies from a 
maximum of 33 per cent, in the case of Kan-i and Tuart to a minimum 
of 14 per cent, for Wandoo. 

(5.) As the j)ercentage of moisture increases, the relationship between the 
strength of beams of various dimensions remains fairly constant. 

(6.) In general, the strength of beams cut on the '' quarter " was 12 per cent, 
less than that of square cut beams. 

In carrying out the cross bending tests an endeavour was made to test an 
equal number of specimens cut square, partly on the quarter and 
wholly on the quarter, so that the results obtained might be true 
averages, it being impossible, commercially, to entirely avoid the use of 
"' quarter cut " timber except in the most important works. 
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^ ^^ (7.) It is to be noted that the strength of the weakest of the West Australian 

. ^'[ "Eucalypts" is equal to that of hickory, and is 20 per cent, greater 

than that of the best oak. 
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Shearing Strength along the Grain. — The results of tests carried out in 
accordance with both the previously described methods are given in Schedule No. 1, 
and the wide discrepancies betw^een the data derived from the two is to be noticed. 

The average value of the true shearing strength (as determined by Professor 
Johnson's method) is 68 per cent, below that obtained by the Sydney University 
method, the difference being more marked in the case of " curly-grained " timber. 

Plates Nos. 60 to 64 clearly show the large number of fibres which are subjected 
to and fail under a tensile strain when the specimens are tested under the second 
^-c^:^. method. 

■" ; "' As previously pointed out, the " shearing " strength of the hard, dense, diy 

' "^ ' timbers is generally higher than that of straight-grained, moist-grown wood. 
>^ ^* :. 

' s» VI. Strength in Cross Compression. — In the results of this test it is to be noted 

that when the load is " confined " to a portion of the specimen only, as is usually the 

case in practice, the strength in cross compression is on the average 12 per cent, higher 

than is the case when the load is applied over the whole surface. 

Plates Nos. 1 and 1 1 show diagrams illustrating the relationship between the 

cross compressive strength and " seasoning." One feature is particularly noticeable, 

! S-. •: namely, that although Wandoo, Tuart, and Yate are very much stronger in cross 

compression, yet with these timbers an increase in moisture is followed by a considerably 

, jj^. -^ greater reduction in strength than is the case with the comparatively weaker timbers, 

.^ ^_ Karri and Jan-ah, etc. 

• ""^^ Tensile Strength. — The tensile strength was, in general, higher than the 

< *^ > * ultimate strength in cross bending, the average increase being 5 per cent. 

The average value of the Modulus of Elasticity in direct tension was also 5 per 
T prnv cent, higher, and varied between 120 and 170 times the tensile strength — the average 
> : -.-" being 150. 

^ Plate No. 9 shows the relationship existing between the tensile strength and 

Ai:: ' moisture percentage of various timbers. 

Strength in end Compression. — Tests to ascertain the relative strength of 
columns of different lengths were made with specimens in which the ratio of length to 
minimum lateral dimensions ranged between 2/1 and 36/1, and the results are plotted 
^ ^' diagramatically (see Plate No. 2) at 12 per cent, moisture. 

From these tests the following data were obtained : — 

^ : y (i.) Up to and including ratios of 12/1 the strength in end compression in all 

:, , i<s the timbers was fairly constant, and the specimens invariably failed in 

direct compression. 

Under this condition the average strength varied between 11,600 and 
8,4501bs. per square inch. 

The Modulus of Elasticity in direct compression was in all cases below 
: /-" that. obtained in the Cross Bending and Tensile Tests. 

/tr ' Diagram No. 12 on Plate No. 12 shows the relationship between the 

, •:>• strength of the timber at different moisture percentages. 
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Karri, as in other tests, shows the greatest difference between the 
strength '' green " and " dry," the former being 46 per cent, below 
the lattei'. The corresponding figures for the other timbers are — 
Yate 43 per cent., Blackbutt 40 per cent., Tuart 35 per cent , Jarrah 
31 per cent., Red Gum 29 per cent., York Gum and Wandoo 23 per 
cent., Morrell 22 per cent., and Salmon (jum 21 per cent. 

(2.) At a ratio of approximately 18 '1 the strength in end compression falls to 
an extent of 2*9 per cent, in tlie case of Karri, and in that of Tuart 
6'1 per cent, (these being the two limits), and the failure in 60 per 
cent, of the tests was by '' side flexure." 

The strength is quickly reduced as the " column ratio " is increased, and 
at a value of 3tt/l, which was the limit tested, the reduction in 
strength below that, at a 12/1 ratio, varied between S9 per cent. 
(Karri) and 47 per cent. (Wandoo). 

It was found that the s ime [)prcentages of reduction were closely followed 
at higher moisture values ; hence, from the data given on Plates 2 and 
12, the strength of any column at any "moisture percentage" can 
readily be computed 

(3.) In all cases where the faihire occurred in direct crushing, the fracture 
was of a sliding nature, shown on Plates Nos. 65 to 71, and this 
"sliding" invariably took place in the direction of the annual rings, 
as clearly shown on the group of specimens on Plate No 71. 

In turned specimens, and in rectangular specimens \vherever sliding 
occurred in a direction parallel to one of the sides of the specimen, 
the angle of sliding was always close to 45°. 

In nearly all other cases the angle of sliding lay between 40° and 45^ 
when measured directly in the direction of movement. 

Where the specimens failed as "long columns," i.^., by lateral flexure, 
in the majority of cases, failure occurred In the direction of the annual 
rings, rather than radially ; but in many cases this was not so, 
apparently due to local inequalities in the specimens. 

Hardness. — This was experimented upon by the measurement of both '' static " 
and suddenly applied loads, and the former was found to more accurately represent 
the hardness of the material. 

Where the load was suddenly ai)plied, the " very moist " timbers generally gave 
higher results when they were partially seasoned than when dry, due probably to the 
elasticity of the specimens, the " cells " closing upon receiving the blow, and reopening 
immediately and before the depth of indentation could be measured — this being par- 
ticularly noticeable with Karri and Red Gum. 

For this reason, therefore, the static pressure required to produce a given 
penetration is the more accurate of the two methods, and as was to be expected, the 
"dry," "dense," "curly'* grained timbers gave considembly higher results than those 
that are straight grained. 

Examples illustrating the application of the Diagrams. — The foUomng 
practical examples are given to illustrate the manner in which it is intended to apply 
the diagrams : — 

(i.) To determine the central load that can with safety be carried upon a 
12in. X Sin. Karri beam over a span of 10 feet, the timber being half 
" seasoned " (*iO per cent, moisture). 
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From Plate 4 the ultimate extreme fibre stress of Kan-i when used as a 
beam of over 25 square inches, sectional area, is 14,2001bs. per square 
inch at 20 per cent, moisture. 

Allowing for a factor of safety of 8, the allowable central load in lbs. is : — 

„ /. BD9 2 14,200 X 8 X 12 X 12 n qz;a lu • * i ^ / 

I X •'-g-^ = f X — - — Q ^ ^Q^ ^2 " n,3m lbs., or approximately ^Zwc tons. 

Had " green " timber been used, the ultimate load per square inch would 
have been 11^300 Ibs.^ and the allowable central load four tons ; whereas 
with thoroughly seasoned timber these figures would have been 16,600 
lbs. per square inch and siv tons respectively. 

In this case, therefore, the safe load upon the " seasoned " beam is 50 per 
cent, greater than upon the green timber. 

(2.) To determine the deflection at the centre of a Blackbutt beam 12in. deep 
X lOin. in width, when can-ying a unifonnly distributed load of 2'6 
tons over a span of 20 feet. 

PVom Diagram No. 7, Plate 7, the modulus of elasticity of "green" 
Blackbutt when used in large beams is l,450fi00 lbs. per square inch ; 
therefore the deflection at the centre with a " gi-een " beam would 

= SSOX = 30:11? = ^ '""'^ approximately. 
Had " dry " timber been used, the central deflection would have been 
slightly over fin., since the modulus of elasticity would have been 
l,850fj00 lbs. per sq, inch. (From Diagram \o. 7.) 

(3.) To determine the safe load upon a 6in. x 6in. Tuart '' strut," 6ft. in length, 
the timber being thoroughly seasoned. 

The crushing strength of Tuart at 10 per cent, moisture is ] 1,250 lbs. 
per sq. inch from Table 1 and Plate 12, and hence the safe load, 
allowing for a " factor " of safety of 10, is equal to 
11250 X 36 ^ ^^^Q ^^^ ^^ approximately 18 tons. 

Had " green *' timber been used, this " safe " load would have been 
reduced to 11 tons. 

(4.) In the case of " long columns " the load has to be reduced as follows: — 

" To determine the safe load upon a 6in. x 6in. Tuart strut 1 5ft. in 
length." 

From Plate No. 2 it is seen that the strength of a column of Tuart in 
which the length is " thirty " times the breadth is 28'7 per cent, less 
than that of a similar short column. 

Hence the safe loads on the 10ft. columns are 28*7 per cent, less than the 
figures above quoted for the 6ft. strut, i.e, are 13 and 8 tons for 
" seasoned " and " green " timber respectively. 

(5.) At the points where a loaded beam is supported the material is subjected 
to a cross compressive stress, the intensity of which depends upon the 
" load " carried and the area of supports. Thus, in the case of the 
12in. X Sin. Karri beam mentioned in the first example, the load 
upon each end in the case of the " dry " beam is three tons where the 
load remains central, or six tons where a moving or " live " load is to 
be expected. 
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The cross compression strength of Karri, when the load is distributed over 
the whole surface, is ai>proximately 2,000 lbs. per square inch, at 3 per 
cent, deformation as shown in Table I. 

Hence in the case of the live load, if a factor of safety of 10 is to be 

allowed, the area of support must not be less than 

6x2240x10 . ^.,. . , 
-—-- le. 6t 2 square inches, 

and since the breadth of beam is 8 inches, the length of " support " or 
overlap at each end should be at least 8^ inches. 

If the beam were of "' grt^en *' timber, although the * safe " load would be 
reduced to four tons, yet the resistance to cross compression is corre- 
spondingly reduced, hc*nce the same area of support would be required. 

The preceding examples serve to illustrate the uses to which the " strength " 
diagi-ams can be put, and the only point upon which any difficulty may aiise in 
'' practice" is in the determination of '' moisture percentage " from a knowledge of the 
time that hasi elapsed since the timber was felled. 

Table No. 4 shows approximately the percentage of moisture that may be 
expected after various periods of '• seasoning/' both for large and small sizes, based 
upon the experience obtained with the timbers held in stock by the Ciovemment 
Departments for ultimate use in rolling-stock construction and other works. 

Special Tests. — One of the most important -uses of the hardwoods is as railway 
sleepers, for which some of the Western Australian timbers have been used for many 
years. 

Certain special tests were therefore made to determine the relative suitability of 
the various timbers for this class of work, and also the physical state of the material 
after a varying number of years' service in the track. 

In determining the value of a timber for use as a sleeper, three important items 
have to be considered : — 

(i.) The durability of the timber, and its capacity for resisting dry rot and 
white ants, etc. 

(2.) The hardness and toughness of the material to enable it to resist indenta- 
tion by the rail without tendency to " split " or break up in service. 

(3.) The requisite capacity for retaining the "dog spikes" in place. 

Many specimens both of old and new timber were examined and tested to 
determine the above points, from which examination the following datii weie obtained : — 

Durability. — Plates Nos. 3*2 to 41 are reproductions of photographs of sleepers 
drawn from the road for examination after a varying number of years' service, and with- 
out any special selection, and these, particularly in the case of the Jarrah and Wandoo, 
show the remarkable durability of the timbers. 

The Jarrah and Wandoo sleepers shown on Plates Nos. 32, 33, 42, and 43 had 
been in service for over 19 years, and were still sound. Several of the Wandoo sleepers 
were cleaned, machine planed, and then tested in '* (Jross Bending," and the results 
obtained were only 6 per cent, below the average for thoroughly seasoned unused timber 
of the same dimensions, notwithstanding the fact that this timber had been in dirty 
gravel " ballast " for 19 years, and during that period had been exposed to moisture on 
the one face and two sides, and to the hot sun on the top face, and had also been 
subjected to all the wear and tear of railway traffic, and, further, in a district with a 
20-inch rainfall in four months, the remainder of the year being very hot and dry. 
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There were no signs of dry rot upon any of these old JaiTah and Wandoo sleepers, 
which, prior to being tested, were sound enough to have continued in use for many 
years. 

Plate No. 3o shows two Karri sleepers that had been in service in a damp posi- 
tion for 19 years, and although there were many signs of dry rot, yet they still retained 
their hold upon the dog spikes to a degree quite sufficient to render them safe in the 
road. 

Plates Nos. 38 to 41 show Blackbutt and Red Gum sleepers after four years' 
service, and although this period is insufficient for test, yet, as the Plates show, the 
sleepers were absolutely sound and free from all signs of (hy rot and white ant borings, 
although the country in which they were used is much infested with these pests 

Several of the Red Gum sleepers were machined and tested in cross bending, 
giving results from 3 per cent, to 5 per cent, below the average for unused seasoned 
timber. 

As further examples of the durability of Western Australian timbers, the 
following results of examination and test may be quoted : — 

(a.) Two JaiTah telegraph posts that were known to have been in use for a 
period of at least 20 years were tested in cross bending and end 
compression, etc., and gave results from 5 per cent, to 7 per cent, only 
below the average for unused seasoned timbers. 

(b.) Two Wandoo slabs or face-cuts that had been in use in the decking of a 
road bridge for a period of 25 years were cut up and examined, and 
were found to be thoroughly sound throughout. 

(c.) Four Jarrah posts that had been in use in building construction for eight 
years were cut up and tested, and the results obtained were up to the 
average for unused seasoned timber. 

(rf.) Two hewn square Jarrah piles were drawn from the Swan River for test, 
after having been in use for a period of 72 years, and were found to 
be sound, although completely saturated with salt water. 

On Plate No. 27 is a reproduction from a photograph of one of these 
piles, which were both entirely free from signs of attack by the " marine 
borers." 

(e.) Plate No. 27 also shows a section through a Jarrah pile after 18 years' 
service, showing holes bored by marine insects in the sap wood only, 
the body of the pile being thoroughly sound. 

(/!) Plates Nos. 28 to 31 show Tuart, American Oak, and 'Jeak bogie wagon 
bolsters after a varying number of years' sei^vice. 

The Tuart bolsters were put into the tmcks when green, 14 years ago, 
and are absolutely sound in every way, although in each case they 
were " heart wood," which is much more liable to ci*ack and decay. 

The bolt holes still showed the auger marks, and were free from any 
signs of corroded ironwork ; the bolsters had not shrunk to any 
measurable extent, nor had the ironwork resting upon them cut into 
the timber, although bearing a very heavy load (10 tons when the 
truck is loaded). 

A great number of these '^ bolsters " (all of the same age) are in service, 
none having been removed ex(*ept for test, and all are apparently fit 
for at least 30 years' more work. 
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The American Oak bolsters represent the average condition of this timber 
after from five to eight years' service in the same class of wagons. 

The Teak bolsters generally last from eight to ten years in the same 
service, by which time they are usually badly split and cracked, and 
have to be removed. 

The uniformity of the results obtained with Tuart and Blackbutt under 
the various tests was very marked, there being considerably less range 
between the maximum and minimum values recorded with these than 
with any of the other timbers tested. 

(g,) Blackbutt beams, 12in. x 4in. and 9in. x oin., that had been in use for 
five years as " sole bars " in the heavy timber wagons used by the mill 
owners for conveying the logs to the mills, were cut and tested for cross 
bending, etc., and the results obtained were equal in every way to 
those given by unused seasoned timber. 

This test is of particular interest, as although Blackbutt is not so strong 
as others of the Western Australian hardwoods, yet this timber is 
capable of successfully withstanding, without deterioration, many yeai's 
of what is probably one of the most severe services to which timber 
can be put. 

Throughout the tests of this timber the general soundness of the specimens 
was very noticeable, and owing to the large size of the trees, it 
undoubtedly ranks with Karri in the production of large beams of 
uniform quality throughout. It is also the lightest of the Western 
Australian hardwoods, which should render it of special utility where 
minimum weight is of importance, such as in rolling-stock construc- 
tion, etc. 

(A.) Two 12in. X 12in. Jarrah beams that had been in use as a slipway at 
Fremantle since the year 1873 were cut up and examined, and were 
found to be sound after having been 32 years under water. 

(i.) One log of Red Gum and two logs of Tuart, that had been lying in damp 
ground for periods of 12, 15, and 12 years respectively, were cut up 
and tested, and found to be thoroughly sound throughout, and in 
nowise deteriorated. 

(J.) Many examples of Karri beams that had been in service in wagon under- 
frames for 19 years were examined and were found to be sound, par- 
ticularly in those cases in which the timber had been partly seasoned 
before use. 

The foregoing examples are sufficient to demonstrate the " soundness " and 
" durability " of the Western Australian timbers under various conditions. 

Dry Rot, White Antr, etc. — Dry Rot is a disease to which "cut" timber is 
subject, and which destroys the '* fibre,*' reducing it ultimately to a powder. 

The disease occurs generally in timber used in damp and un ventilated conditions, 
particulai'ly when the timber has been used in the " green '' state, and hence railway 
" sleepers " are very prone to develop it. 

It appears to be infectious, and is probably due to, or at least assisted by the 
decomposition of the sap. 

As it is known that certain of our timbers are more prone to develop this disease 
than others, a chemical examination of the saps was made, the results of which are given 
in Table No. 5. 
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Although this examination was of a comparatively elementary nature, yet certain 
facts were determined, which, to a certain extent, explained the different results that are 
obtained from the various timbers in practice. 

Jarrah is well known to be practically free from all risks of dry rot, excerpt undet 
conditions extremely favourabk to its development ; and it is noticeable that 99| per 
cent, of the sap of this timber is either moisture or volatile matter, and, further, that the 
acidity is very small. 

It is to be expected, therefore, that decom[)osition will not take place, and henci^ 
its immunity to dry rot. 

Wandoo, also, never develops this disease, and the examination of its sap, which 
is present in the timber to a comparatively small extent only, shows it to be of a thick 
viscous, gummy nature, of which only slightly over 50 per cent, is volatile. 

It attacked metals to a lesser extent than any of the others tested, including 
Jarrah, notwithstanding its relatively high " acidity," this apparently being due to a 
coating of gum which always formed over the immersed metals. 

When left standing and open to the air, no signs of decomposition were 
apparent, the sap being entirely unaffected. This timber might, therefore, be 
expected to be immune from dry rot, as is found to be the case in practice. 

Karri, whilst in every other respect almost unequalled as a sleeper timber, is 
prone to develop dry rot if used when green in damp gi'ound, and in the examination 
of its sap it was found to decompose when exposed to the air ; and further, that it 
exercised a greater effect upon the metals immersed in it than was the case with any of 
the other saps. 

With regard to the tests of Blackbutt and Red Gum, the results are not so con- 
clusive, although in neither case was there any noticeable fermentation after standing ; 
sufficient data are not yet available as to their immunity from dry rot when used as 
sleepers, as they have been in use for a comparatively short time only. 

Of the sleepers examined, none as yet (after five years' service) show any sign 
of the disease. 

Tuart has not been used to any great extent in situations where it w^ould come 
in contact with the ground, and is, in fact, altogether too valuable a timber for such 
uses, but so far as is known it does not develop dry rot. 

Jarrah and Wandoo, when sound and free from sap wood, are not attacked by 
white ants except in certain districts in the North-Westem portion of the State, in 
which no known "cut" timber of sufficient size to provide sleepers is immune to 
attack ; Blackbutt, Red Gum, Tuart, and Karri rarely suffer beyond the sap wood. 

From the preceding remarks with regard to the development of dry rot it is seen 
that the presence of the sap is the chief source of trouble. This can be avoided in 
those timbers that are generally affected, either by using seasoned timber for sleepers, 
and preferably in some dry well-ventilated ballast, such as blue metal, under which 
conditions Karri will give excellent results ; or by artificially removing the sap from the 
timber when green, and replacing it by some suitable substitute. 

Such a process is now being experimented upon, which promises not only to 
render the timber practically immune to dry rot, but also to attacks from white ants, 
and should this process, which is both simple and cheai), prove successful as experiments 
to date promise, there can be no doubt that Karri will prove one of the most valuable 
" sleeper " timbers in the world. 



24 

Hardness and Toughness. — An examination of the results of the hardness and 
spalling tests as given in Table No 1. affords sufficient proof that the Western Australian 
timbers possess the requisite degree of " hardness " to provide the best sleepers, and this 
is further demonstrated by the smalluess of the indentation produced by the rail in the 
sleepers shown on Plates Nos. 32 to 43. 

" Holding " power on Uog Spikes. — A considerable number of tests were 
made by means of the appliance shown on Plate No. 26 to determine the pull required 
to draw the spikes out of new and old sleepers, and the results of these tests are 
summarised in Table No. 6. 

From this it is seen that, although there is a considemble falling off in the hold 
on the spike as the sleeper ages, yet after long periods in service, in some cases up to 
20 years, the spikes were still sufficiently firm to hold the rail securely in place. 

The results obtained from Wandoo were particularly striking in this respect, and 
are unequalled by any of the other well-known sleeper timbers of New South Wales 
and Queensland. 

On Plate No. 7 a summary is given of the results of the above tests, also of 
those conducted by the Railway Department in Queensland, published by the Queens- 
land Government in 1905 (see " The Merchantable Timber of Queensland " page 32), and 
it is to be noticed that in each of the " averages " Western Australian sleepers, 
although of greater age, give considerably higher results than were obtained in the 
Queensland tests. 

GENERAL. 

Before closing this report one item remains deserving of special mention, namely, 
the extraordinary strength of Eucalyptus cornuta^ locally known as Yate. 

This timber is as yet practically unknown, but is common to the South- West 
portion of the State, the trees usually attaining a diameter of from 2ft. 6in. to 3ft., and 
a maximum height of 1 00 feet. 

Asa'' sawn " timber it is probably the strongest in the World, being far ahead 
of the rest of the Australian hardwoods in every variety of test, and in one tensile test 
with this timber a breaking load of 1 7^ tons per square inch was recorded, a value only 
3^ tons below that usually specified for wrought iron of ordinary quality. 

The results given are fair averages only, the timber being obtained as logs, 
which were wholly cut up and tested. 

Its tough nature is well shown on Plates Nos. 49, 52, 57, 63, and 68, which are 
reproductions of photographs of tested specimens. 

Many specimens of the less important timbers were received and tested, the 
results being included on Table No. 1. 

Amongst these are the Banksias, Sheoaks, and Swamp Oak, which, whilst being 
fairly strong, are, owing to the nature of the grain, particularly suitable for ornamental 
work of every kind, and for the panelling of rail and tram coaches, for which purpose 
they are at present being used. 
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1'he following list enumerates the appendices, tables, plates, and diagrams that 
accompany this report : — 

APPENDICES. 

No. 1. — Description of Autographic Stress Strain Ai)paratu8 fitted to Testing Machine. 

No. 2. — Description of Automatic Electric Beam Balancing Appliance, fitted to Testing Machine. 

No. 3. — Description of appliance for automatically recording the Deformation in Cross 
Compression and Penetration Tests. 

No. 4. — Details of Eesults of all Tests (not attached hereto). 



SCHEDULES. 

No. 1 (folding plate at end of report) .— Summary of Results of Tests of Western Australian and 
other Hardwoods. 

No. 2. — Data re Timber received for Test. 

No. 3. — Summary of results of Cross Bending Te^ts for Beams of various sizes. 

No. 4. — Table showing relationship between Moisture percentages and Seasoning for Timbers of 
various sizes. 

No. 5.— Summary of results of Chemical Tests of " Saps." 

No. 6. — Particulars of results of Tests to determine the holding p>wer of Dog Spikes in Sleepers. 

No. 7.— Summary of results of Tests with " Dog Spikes," an<l comjiarison with those obtained 
with other hardwoods. 



DIAGRAMS. 

No. 1, Plate 1. — Graphic representation of the strength of Australian Hardwoods. 

No. 2, Plate 2. — Ultimat<j load per squar.* inch for columns at 12 i^er cent, moisture, showing 

the resultant reduction in strength as the ratio of length to breadth is increased. 
Nob. 3 to 8, Plates 3 to 8. — Showing the relationship between the Strength, " Elasticity," and 

" Moisture Condition " of Jarrah, Karri, Tuart, Wandoo, Blackbutt, and Red Gum Beams 

of various sizes. 
No. 9, Plate 9. — Average tensile strength of Western Australian Timber at " varying " moisture 

percentages. 
Nos. 10, 11, Plates 10 arid 11. — Average strength of Western Australian Timbers in cross 

compression under varying moisture conditions. 
No. 12, Plate 12. — Average strength of Western Australian Timbers in end compression at 

varying moisture percentages. 
No. 13, Plat« 13. — Showing method of notation adopted for recording the " direction of loading " 

relative to the annual rings as shown on the end section of each specimen. 



Reproduction of Photo^fraphs and Diagrams of Appliances and Specimens. 

Plate 14. — Water Oven for Moisture Tests. 

Plate 15. — 40-ton Buckton Testing Machine. 

Plate 16. — Autographic Deflection Apparatus for Column Tests. 

Plate 17. — Automatic appliance for recording depths of indentations, etc., in Penetration Tests, 

and percentage reduction in width in Cross Comj>ression Tests. 
Plate 18. — Photograph of Automatic Recording Gear for Cross Compression and Penetraticm 

Tests. 
Plate 19. — Autographic Stress Strain Apparatus. 
Plate 20. — Automatic Beam Balancing Apparatus. 
Plate 20a.— Do. do. do. 

Plate 21. — Beam Balancing gear details. 
Plate 22.— Do. do. 

Plate 23.— Shearing " Clip " " Standard " method. 
Plate 24.— Do. " Sydney University " Method. 

Plate 25. — Tension Specimen and Clips, and illustrations showing specimens " pulled through." 
Plate 26. — Appliance for testing the holding power of •* Dog Spikes" and types of " spikes." 
Plate 27. — Side View and Section of 70-vear-old Jarrah pile and section of 18-vear-old Jarrah 

Pile. 
Plate 28. — Side view of Tuart, American Oak, and Teak hogic wagon '* holster " aft«r service. 
Plate 29. —Section through "Bogie Centre Pin Hole" in Tuart and American Oak Bogie 

bolsters. 
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Plate 30.— Section through Bolt Holes in Tuart and Teak bogie bolsters. 

Plate 31. — Section through Tuart and American Oak bogie bolster. 

Plate 32.— Plan and section of Wandoo Sleeper after 18 years* aervic-e. 

Plate 33. — Plan and section of Wandoo Sleeper after 18 years' service. 

Plate 34. — Plan and section of Wandoo Sleeper after 8 years' service (Mullewa-Cue Railway). 

Plate 35.— Plan of Karri Sleeper after 19 years' service (Great Southern Railway). 

Plate 36. — Plan and section of Jarrah Sleeper after 10 vears' service. (S.W.) 

Plate 37.— Do. do. do. " do. do. 

Plate 38. — Do. Blackbutt do. 4 vears' service. 

Plate 39. - Do. do. do. ' do. 

Plate 40.— Do. Red Gum do. do. 

Plate 41.— Do. do. do do. 

Plate 42. — Do. Jarrah do. 20 years' service. 

Plate 43.— Do. do. do. do. 

Plate 44.— Four Fractures after Cross Bending, Karri. 

Plate 45.— Six do. do. do. Tuart. 

Plate 46. —Six do. do. do. Wandoo. 

Plate 47.— Five do. do. do. Blackbutt. 

Plate 48.— Five do. do. do. Red Gum. 

Plate 49.— Six do. do. do. Yate. 

Plate 50. — Six do. do. do. Jarrah. 

Plate 51. — Seven do. do. do. Karri. 

Plate 62.— Three do. do. Tensile Test, Yate. 

Plate 53. — Three do. do. do. Jarrah. 

Plate 54.— Three do. do. do. Karri. 

Plate 55.— Three do. do. do. Tuart. 

Plate 56. —Four do. do. Shearing Test, York Gum and Morrell, and group of specimens 

showing methods of preparation for " Standard Test." 
Plate 57.— Eight Fractures aft.er Shearing Test, Yate and Tuart. Standard Method. 
Plate 58.— Eight do. do. Blackbutt and Red Gum. Standard Method. 

Plate 59.— Eight do. do. Jarrah and Karri. do. 

Plate 60.— Two do. do. Karri and Red Gura. Svdney University Method. 

Plate 61.— Two do. do. Wandoo and Red Gum. ' do." 

Plate 62.— Two do. do. Tuart and Jarrah. do. 

Plate 63.— Two do. do. Tuart and Yate. do. 

Plate 64.— Two do. do. Wandoo and Blackbutt. do. 

Plate 65. — Four "Failures " in end Compression, Tuart. 
Plate 66.— Four do. do. Jarrah. 

Plate 67.— Five do. do. Blackbutt. 

Plate 68.— Four do. do. Yate. 

Plate 69.- Four do. do. Wandoo. 

Plate 70.— Four do. do. Karri. 

Plate 71.— Eight do. do. illustrating direction of " sliding." 

Plate 72. — Diagram showing Method of Testing in Cross Compression. 
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APPENDIX No. I. 



AUTOGRAPHIC STRESS STRAIN APPARATUS 

(See Plates Nos. 15 and 19). 

This apparatus, shown diagramatically on Plate No. 19 and devised by the writer, was fitted to the 
40- ton testing machine to enable records to l)e taken of the cross bending, tension, and other tests. 

Its operation hardly requires explanation, but may be stated briefly as follows : — 

Two levers are pivoted on a rigid frame at the points CI and C2, their lower edges provided with 
knife edges pressing against clips attached to the specimen at the gauge length, and their top ends carry- 
ing aluminium wheels P and Q, six iuches in diameter, at the points C3 and C4 respectively. 

As the specimen stretches, these points C3 and C4 approach one another, moving a distance equal 
to twice the extension of the specimen. 

A very light steel chain is attached to the point S, which forms one arm of a lever pivoted at the 
point C5. This chain is led round the wheel F, back round Q, thence over the wheel R, which is carried 
by the fixed framing, and from there down to a small drum upon which it is wound. 

As the specimen stretches, the point S, therefore, moves a distance equal to four times the 
elongation. 
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t^iToted yerticallj in the frame is the diagram drum, which will take a sheet 24 inches square, and 
in front are two bars pivoted in a vertical plane, and carrying two pens, the "carriages" of which run 
in grooves in the bar. The points of these pens lie in the same vertical line, and thej are suspended by silk 
cords from the pivoted beams above, which are so proportioned that the movement of one pen (which is 
always ahead of the second) is 200 times the " stretch " of the specimen, and that of the other 20 times the 
elongation. 

The top beam carrying the 1/200 pen automatically throws itself out of gear when the pen reaches 
the bottom of the shee£, which generally occurs after the elastic limit is passed. 

In cross-bending tests, the top beam is not used, and where excessive deformation is expected, the 
chain, after passing round the wheel Q, is brought down to an adjusting drum of the lever, carrying that 
wheel, thus reducing the movement of the point S to twice the extension of the specimen. 

The diagram drum is revolved through reducing gear by means of a steel wire from the Jockey 
Weight on the weighing beam of the machine, and siuce this beam is always kept in perfect balance by 
means of the automatic gear described in Appendix 2, the stress-strain diagram obtained is accurate. The 
reducing gear above referred to is varied in " ratio " to suit the expected maximum load, so as to obtain as 
open a load scale as possible. 

Some thousands of tests have been made by this appliance, which has operated very successfully. 
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APPENDIX No. 2. 



DESCRIPTION OP AUTOMATIC BEAM-BALANCING APPLIANCE PITTED TO 40.TON 

TESTING MACHINE 

(See Plates Nos. 20, 20a, 21, and 22). 

This appliance, which was devised by the writer and fitted to the 40-ton Buckton Testing Machine, 
automatically maintains the Weighing Beam in " balance '' whether under a rising or falling load, by 
o|>erating the Jockey Weight at the required sj>eed. It practically eliminates the " personal " element in 
the operation of the machine, and during the past eight months has been used for over nine thousand tests 
with most satisfactory results. 

The apparatus consists essentially of two duplicate shunt wound |-Horse Power Lundell Motors, 
working at 110 volts and nominally running at 1,300 revolutions per minute. These are mounted in line 
on a coramou bed plate, and the armature of each is attached to a cast-iron bevel friction wheel, each of 
which gears with two rubber-faced bevel wheels, which are in turn carried on a frame that revolves freely 
about the armature spindles. 

The whole gear forms an " epicyclic train " exactly similar to that used in many Transmission 
Dynamometers. This gear is plainly shown on Plates 20 and 21. 

The motors are nominally set to run in opposite directions, and when so running at equal speeds 
the frame carrying the rubber-faced bevel wheels remains stationary. Any difference in speed is 
accompanied by a corresponding movement of the wheel frame, which will revolve in the same direction as 
that in which the fastest motor is running, and at a speed equal to half the differance in speed between 
the two motors. 

The movement of the ''frame" is communicated by means of belt and gearing to the shaft that 
operates the Jockey Weight hereinafter described. 

The speed of the two motors is varied by means of liquid resistances in both the main and field 
circuits, and these resistances are operated automatically by the " balance '* of the beam. 

Referring first to Plate No. 20 :— 

A. is the weighing beam of the testing machine, and P. is the pointer operated thereby, which, 
when the beam is balanced, stands vertically, but moves to either one side or the other as 
the beam rises or falls. 

S. is the shaft that operates the Jockey Weight by means of the usual hand wheel, and which has 
been extended to carry the gear for transmitting the motion from the motors, this being 
clearly shown in the top illustration on Plate No. 21. 

Ls. and Lf. are the liquid resistances which are in *' series" with the main and field circuits 
respectively. 

These resistances each consist of two hollow cones fixed in a glass vessel containing ** acidulated *' 
water, as shown, and between them in each case is a double cone sus[>ended from one end of a light 
pivoted beam which, in turn, is connected to the pointer P. 

As the weighing beam of the testing machine rises or falls so the cones in the liquid resistance are 
raised and lowered. Thus, if the "nose" of the "beam" risefi, requiring the .Jockey Weight to l)e moved 
outward more rapijlly, the pointer P. moves the beam of the liquid resistances, thus raising One cone and 
lowering the other. This increases the resistiince in the armature circuit of one motor and simultaneously 
cuts it out of the circuit of the other. It also cuts resistance out of the field circuit of this first motor and 
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puts resistance into that of the second. Consequently one motor is much accelerated and the otker 
retarded, and the frame revolves at a corresponding speed in the direction of the fast motor, thus moving 
the Jockey Weight. 

The position of the cones in the resistance cells can also be regulated by hand without interfering 
with the automatic connection to the weighing l^am. Any desired lead can, therefore, be given to the 
motors on a steadily rising or falling load, thus rendering it possible to maintain the beam in perfect 
balance with the pointer P at mid position. 

The foregoing briefly describes the principle upon which the appliance is operated, but many 
refinements were added to make the scheme a practical success. 

The operation of the finished apparatus is as follows (see Plates 20 and 20a) : — 

M.S. is the main double pole switch controlling the supply from the mains. 

R. is a starting rheostat which, when moved over, simultaneously starts both motors. This 
rheostat is of ordinary pattern, fitted with minimum release, the coil for which is shown 
at Re. This coil is not in series with field windings, as is usually the case, but is in 
series with a switch M which controls the whole circuit, an incandescent lamp L, a switch 
BS, and a magnetic clutch coil K, tbe functions of which are as follows: — The lamp, 
which is mounted in a prominent position on the machine, is used to cut down the voltage 
and also show when the current is passing. The magnetic clutch coil K ctmtrols the 
connection between the motors and the Jockey Weight, by drawing two " fine-tooth " 
(-j^^in.) gear wheels together when current is passing and allowing them to fall apart 
when the circuit is broken. This gear is clearly shown on Plate 21. The switch BS is 
controlled by the weighing beam of the machine, which, when it falls or rises to its 
extreme position (as happens when the specimen fails, and when the weight is run right 
back respectively), breaks the circuit, thus instantly throwing the toothed wheels out of 
gear and simultaneously freeing the arm of the " starter," which flies back and allows 
the motors to come to rest. 

The necessity for the clutch lieir in the fact that the motor cannot be stopped instantly, and 
hence, if not thrown out of gear, the Jockey Weight would be moved from the position 
it held at the " breaking point," thus giving a wrong record. 

An auxiliary switch (Z), when closed, short circuits the magnetic clutch coil, thus allowing the 
motors to be re-started, if so desired, without operating the Jockey Weight. 

The switch C, shown on Plates 20 and 20a, controls the current passing to the motor through 
the liquid resistance. This switch, as shown in detail, has three positions, which operate 
as follows : — 

When in a vertical position the current is so directed that the motors run in opposite directions, 
as ordinarily required when the test is proceeding. 

When in that position, the switches X and Y are in the armature circuit of the two motors 
respectively, and if either switch is opened that motor stops, and the wheel frame then 
runs at half the speed of one motor, moving the jockey weight at a corresponding speed. 
Upon closing the switch the motor starts up and the automatic control again comes into 
operation. This makes it possible to meet sudden fluctuations in the load which some- 
times occur during a test, due either to local inequalities in the specimen or to a sudden 
opening or closing of the hydraulic valves which govern the water supply to the main 
** ram." 

In testing timber, inequalities in the specimen frequently cause the beam to drop suddenly, 
which would stop the motor by breaking the controlling circuit at the switch BS, and 
thus cause considerable delay. This is avoided by means of the switch W, which can be 
so set as to short circuit BS. Aft«r a test is complete, and the motors are stopped, the 
controller handle is moved over to position 1, in which position the liquid resistances are 
short-circuited and both motors run in the same direction, thus causing the wheel frame 
to revolve at the same speed in that direction. This returns the jockey weight at 
" quick " speed to zero position on the beam, at which point the tail of the beam drops 
and breaks the ** control " circuit at BS, thereby stopping the motor and preventing 
overwinding. The machine is then ready for the next test. 

Sometimes it is required to run the jockey weight out rapidly, which is done by placing the 
controller handle in position 2. This causes both motors to run in the opposite direction 
to that in which they were running in position 1. 

In some classes of tests, particularly in compression, it is desirable to apply the load at a 
constant rate, which is done by setting the liquid resistance in a fixed position to give the 
required speed and then adjusting the hydraulic valve to suit. 

The arrangement of the controller connections can readily be followed on Plate 20a. It may be 
mentioned that the friction required to transmit the power in the epicyclic train of wheels 
is supplied by means of springs, and the thrust in all four bevel wheels is taken on " ball 
bearings." 

The rubber faces on two wheels required replacing after 7,000 tests had been completed. Whilst 
this apparatus has successfully withstood a very severe test during the past eight months, 
there is no doubt that the details can be considerably improved, it having l)een fitted up 
and put into operation entirely without experiment. The principle upon which it operates 
however, has proved successful in every way, and a very much greater degree of accuracy 
was obtained when stress strain diagrams were taken. 
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APPENDIX No. 3. 



DESCRIPTION OF - AUTOMATIC " DEFORMATION RECORDER FOR CROSS 
COMPRESSION AND PENETRATION TESTS. 

(See Plates Nos. 17 and 18.) 

This appliance is a ruodification of the apparatus devised by Professor J. B. Johnson for the 
" cross compression" tests of timber. 

Referring to Plate No. 17, the contact pin P is carried by a hinged steel arm, which is adjustable 
in length. When fully extended this arm is 30 inches long, but can be reduced by equal increments of 
09 of an inch, i.e., by 3 per cent, of its initial length each step. 

It is held in each position by the spring lock L. 

The point of the contact pin P lies exactly in the centre line of the arm and hinge F, and this 
hiuge F lies wholly in the plane of, and is carried by an arm attached to the back table of the machine 
which receives the specimen. 

The adjustable arm is moved by means of the screw S, and can be clamped in any position relative 
to the fixed arm by means of the clamp C. 

The contact pin P is electrically insulated from the sliding portion of the hinged arm, and a spring 
is fitted to the " point," which allows it to be pushed backward in the event of any pressure coming upon 
it, thus preventing any disti>rtion of the apparatus. 

An insulated wire is led from the platinum-pointed contact pin P through a battery of two 
Leclanche cells, an electric bell, and a switch, from which it is led back to the " movable " or " front " 
compression table of the testing machine. 

The operation of the apparatus is as follows : — 

A specimen is placed against the back table and the front movable table is brought up to it, just 
holding it in place. The electric switch being closed, the adjustable arm at its " extreme " length is 
swung round upon the hinge P by means of the screw S until the contact pin P just touches the movable 
table, thus completing the electrical circuit and ringing the bell. The arm is then clamped by the nut C. 
If a 3v deformation is to be recorded the adjustable arm is shortened by 0*9 i.e., by 3% of its length, 
thus bringing the point of the pin P 3% nearer to the back table of the machine. 

The load is then applied to the specimen, and as soon as its thickness is reduced by 3% the circuit 
is again completed, and the bell again rings. 

By sliding the arm back a further distance, other |>ercentages of deformation can be obtained. 

The apparatus will take specimens of any thickness between 6 inches and 1^ inches, and the fact 
that no calculation of any sort is necessary to obtain the required percentage of deformation results in 
greater accuracy and still greater saving in time. 

The same applianf;e, slightly modified, was used for recording ^^^ inch indentations in the hardness 
tests, as follows : — 

The arm was clamped in a fixed position, such that when fully extended (to 30 inches) the normal 
distance between the point of the contact pin P and the " back table" was If inch. Hence when the 
sliding arm was reduced in length by 3% the normal distance between point of pin P and table was 
decreased by 3% of 1^ inch, i.e., by one twentieth of an inch. 

In using the appliance, the specimen was placed in the machine, and the moving table with the 
penetration die attached was brought up to the specimen, just holding it in place. 

An adjustable steel table T carried by the movable head of the machine, was then screwed out till 
it just touched the pin P and rang the bell. The sliding arm was then shortened by 3°/^, and 
when the table again touched the point, as evidenced by the bell, a penetration of the required amount 
had been reached. 

Throughout the tests it was found that a quarter of a minute afforded ample time to set the 
apparatus for each specimen. 
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Western Australian Timber Tests, 1906. 



[Schedule 



RESULT OF CROSS-BENDINO TESTS FOR BEAMS OF VARIOUS SIZES. 

At 12 per cerd, moisture, 
ALL RESULTS ABE EXPRESSED IN LBS. PER SQUARE INCH. 



« 








For Beams up to 10 aqnare inches 
Sectional Area. 


For Beams up to 25 square inches 
Sectional Area. 


For Beams over 25 square inches 
Sectional Area. 


CL488 OF TlXBRR. 


Ultimate 

extreme 

fibre stress. 


Extreme 
fibre stress 
at apparent 
elastic limit. 


Modolos 
■ of 
Elasticity. 


Ultimate 
extreme 

fibre stress. 


dLrtFcTS* ] BUisticHy. 


Ultimate 
extreme 


Extreme 
fibre sitzeBS 
at apparent 
elastic limit. 


elostidfy. 


Jarrah ... 
Karri ... 
Tuart ... 
Wandoo 
Blackbutt 
Red Gum 
Yate ... 
Vork Gum 
Salmon Gum 
MorreU 






• 

: 


16,700 
19,100 
20,300 
18,250 
15,750 
19,400 
23,000 
15,800 
21,000 
19.700 


11,300 
15,200 
17.550 
15,150 
12,800 
14,700 
18,300 
12,500 
16,100 
15.600 


2,360,000 
3,020,000 
2,800.000 
2,450.000 
2.225,000 
2,870.000 
3,050,000 
2,000,000 
2.650,000 
2,520,000 


15,000 
17,300 
17,900 
16,100 
14,200 
16,600 
21,500 
14,000 
19,500 
16,000 


10,800 2,080,000 
13,550 2,680,000 
15,900 2,560,000 
13,650 , 2,190,000 
11,000 2,000,000 
12,600 2,590,000 
17,000 ' 2,800,000 
10,800 1 1,700,000 
14,380 : 2,340,000 
12,100 1 2,250.000 


13,100 
16,000 
16,250 
14,000 
12,600 
12,900 
18,000 


1 

84KK) , 1,660,000 

12,400 1 2,425,00) 

14,400 I 2,380.000 

11,70() ; 1.910.000 

9,350 1 1,800,000 

9,400 1 2,000,000 

14,800 1 2,500.000 

! 

1 



We.stern Australian Timber Tests, 1906. 



[Schedule No. 4] 



APPROXIMATE VALUES OF THE "MOISTURE PERCENTAGE" AFTER VARIOUS PERIODS OF 
NATURAL SEASONING FOR TIMBER SAWN AND STACKED IN THE OPEN AND WELL 
VENTILATED. 













" MOISTITRS " PER CEMT. OF DRT WeIOHT. 






Name 


















OF 


For all 

sisee 

"Green." 


For sixes up 1o SO square inches sectional area. 


For sizes from GO to 80 square inches sectional 
area. 


For sices oyer 100 squaro inches 
sectional area. 


Timber. 


After 
6 months. 


lyear. 


2 years. 


3 years. 


After 
lyear. 


2 years. 


8 years, i 5 years. 


After 
lyear. 


3 years. 


6 years. 


Jarrah ... 


50 


84 


26 


17 


18 


83 


1 
25 ! 19 14 


39 


28 


21 


Karri ... 


54 


98 


29 


21 


14 


37 


28 , 21 : 15 


43 


31 


22 


Tuart ... 


43 


34 


27 


18 


14 


33 


26 , 22 16 


37 


27 


22 


Wandoo... 


28 


24 


21 


17 


15 


28 


20 ; 17 1 15 


25 


20 


17 


Blackhutt 


61 


45 


37 


26 


18 


43 


33 ; 25 18 


49 


35 


24 


Bed Gum 


75 


57 


45 


31 


21 


51 


39 1 30 20 


60 


40 


27 


Yate ... 


32 


28 


25 


20 


17 


27 


23 , 20 16 

1 


29 


23 


19 
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Western Attstrauan Timber Tests, 1906. 



[Schedule No. 6.J 



RESULTS OF CHEMICAL EXAMINATION OP "SAPS." 

















Weight 


w»jht 














Percent. 






ofMuntz 




Volatile 


^faxueof 
Timber. 


Colour of 8»p. 


Nftture of Sap. 


Speciflo 
Oravily. 


S^sture 
end 


Nature of Residue. 


"Acidity" 

in terms 

of 


Metal 

dissolved 

byao 


Wrought 
Iron dis- 
solved 


Percent- 
age of 
Tannjn. 


Acid ex. 
pressed 

ss 










Volatile 




H,C,0,. 


granuoes 


by 20 


Acetic 










Hatter. 






of 
"Sap." 


of" Sap." 




Acid. 










percent. 




percent. 


grammes. 


grammes. 


per cent. 




Jarr&h 


Light reddish 
brown 


Very thick fluid 


1-001 


99-5 


Bed brown film 
only 


0-216 


•0165 


•1445 


■07 


Trace 


Karri 


Dark red 


n »» w 


1020 


96-5 


Brittle gum of 
bright red 
colour 


1-468 


•1080 


•2240 


•851 


»> 


Tu&rt 


Dark brown 


"Thin "fluid ... 


1-1085 


77-7 


Brown and friable 


9-018 


•0528 


•1716 


11-68 


jj 


Wandoo ... 


Red brown 


Thick viscous 
fluid 


1-1982 


530 


Hard dark gum, 
very dark brown 
in colour 


7-614 


•0160 


-0770 


17-00 


f* 


Blackbutt ... 


Very dark brown 


Very fluid 


10483 


89-4 


Brittle deposit, 
almost black 

Oummy deposit, 
dark red colour 

Dark brown de- 


2-862 


-0790 


-1450 


4-86 


ff 


Ked Gam ... 


Bed brown 


M »» 


1-045 


90-7 


2-214 


-0660 


-1420 


3-85 


f» 


Yate 


Very dark brown 


>» »» 


1083 


81-7 


7-587 


•0500 


-2330 


12-03 


0-5 per 












posit 










cent. 



Westsrn Aitstbalian Timber Tests. 



[Schedule No. 6.] 



HOLDING POWER OF DOG SPIKES IN SLEEPERS, 
fin. Dog Spikes used in all cases. See Plate No. 26. Diameter of bole bored. 



|in. 





Length of Time in use. 


Locality used. 


Obioisal DaiviKe. 


RSDHIYIN. 




Class of 
Sleepers. 


PuU 
required 


of 


Class of Spike. 


^» 


-all 
B.) 


Remarks. 












Pull 

required 

in lbs. 












in lbs. 


Tebts. 


A. 


B. 


C. 


No. of 
Tests. 




Jarrah 


13 years 


Mundijong, S.W.B. 


1,641 


40 


32 


8 ... 


2,991 


75 


Very wet district; sandy 






















soil in cutting ; rainfall 






















between 30in. and 85in. -^ 






















ironstone gravel ballast 


Do. .. 


11 years 


Great Southern Bailway... 






... 




... 


2,696 


8 


Medium rainfall, between 
14in. and 20in.; red 
loamy soil 


Do. ... 


New unused sleepers 


... 






... 






6,676 


24 




Do. ... 


20 years 


Newcastle Bailway 


1,809 


19 


1 


4 


14 




... 


Medium rainfall; mostly 
red loam and gravel 
country 


Karri 


19 years 


Im. 26c., Great Southern 
Bailway 


3,309 


21 


10 


... 


11 


3,690 


20 


Very wet district ; rainfall 
35in. or over ; sandy soil 


Do. ... 


New unused sleepers 


... 


... 






... 




6,731 


16 




Wandoo ... 


18 years 


Newcastle Bailway 


3,103 


80 


29 


1 




5,170 


30 


Medium rainfall ; mostly red 
loam and gravel coumtry 


Do. ... 


8 years 


Cue Bailway 


4,462 


29 




29 




7,836 


30 


Very dry district; varying 
Medium rainfall ; red loamy 


Bed Gum... 


4 years 


Northam-Goomalling Bail- 


2,174 


20 




20 




3,334 


18 






way 
















SOU 


Do. ... 


4 years 


Nannine Bailway 


6,787 


29 




29 




5,922 


30 


Very dry district } varying- 
rainfall » 


BWkbutt... 


4 years 


Northam-Goomalling Bail- 
way 


3,046 


30 


... 


30 




5,001 


30 


Medium rainfall ; red loamy 
soil 


Do. ... 


4 years 




2,259 


29 


15 


14 




4,602 


30 


Very dry district ; varying 
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Platens. 



Diagram illustrating 
method of recording the 
direction (n which ' loads' were 
applied relative to the position 

or THE 'ANNUAL RINGS' AS SHEWN UP- 
ON THE END SECTION OF THE SPECIMENS. 
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W.A. TIMBER TESTS, 1906. 
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W.A. TIMBER TESTS, 1906. 

AlTOMATIC Al'PLIAXCK FOR RKCORDING " DKITHS " OF IXDKXTATIOX, KTC, AXD I'ERCKXTACiE DkFORMATIOX. 




As " Set '' for i*ecording percentage Deformation in Cross Compression Tests. 




As *' Set " for recording Depths of Indentation in " I'enetration " Tests. 



See Appendix No. 8. 
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Plater 20. 
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W.A. TIMBER TESTS, 190(j. 
AiT<»MATi<' Bkam-hai,ani'in(J Mkchanism fittki) to K)-tux TKsT[N(i Machink. 




Em-cTKICAL " Cm "RH '* KOK ALTOMATICAIiLV KX(JAriIX(i *' liKAM-HALANCINd " MkcIIANISM 
TO *'J(K,'KKY" VVEniHT TKAVKKSINU tJEAR. 




Two j-ii.i*. ELKcruirAh Months, with intkkmkdiatk "Ei'Icycijc " tkain (»k <ii:Ai4ix<i. 



Plnte BTo. afl 



W.A. TIxMBER TPJST8, 11)06. 
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W.A. TIMBER TESTS, 1JK)H. 



'SnEARIXli" TkSTS. 



Standard Mkthod. 



Appliance for holding Speciinon, with Specimen in place. 

N.B.- The '* ])i'epare(l '' sample shows tlie '* mortise '' lioles in pi nies at ri^ht angles to 
one another. 

The specimen in '" place " in the clips has portion of one fice re novel to show 
the cotter and self-adjusting steel piece. 
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W.A. TIMBER TESTS, 190(3. 



Shkakixu '* Tksts. Sydxky Umvkksity Mkthoi>. 




Al'I'JilANCK FUK HO|JUX<; THK Si'KCIMKN, WHICH IS Si:<»VVX IX " IM.ACK." 



N.H. T\w steel sliding siu-faces Hi*e polislied and well luhiieated, and the width of specimen 
adjusted to exactly till the I'eciuii'ed space. 
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W;A. TIMBER TESTS, 190(5. 



Tkxsiij-: Tksts. 







The upper illustration showK a test speeinien in plat*e in tlie ** grips." 

The middle and lowei* illustrations show end and side views of a tested specimen, in whieh the reduced 
portion has pulled through one of the enlarge. I ends, the specimen thus failing by ''shearing" along the grain 
and not in '' tension." 
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W.A. TIMBER TESTS, 1906. 




Machine used to detehmine the Holding Poweu of " Docj Spim:s." 




Types ok ''Docj Simkks" tested. 
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W.A. TIMBER TESTS, 1906. 




SlXTION THH(>U(;H **jAkKAH " PiLK DKAWX AFTKK OVER 70 YKAKs' 
SKIiVRK IN IHK SwaX RiVKR. 




"JaKKAH" PlLK ARKK 70 YEAKs' SERVICE IX THE SwAX RlVER. 




Section THRnucui ''Jarrah" 1'ii,e after 18 years' service in 
Salt Water at Fremanti.e. 

Note. — Holes bored by marine insec^ks in the Sapwood onlj'. 



W.A. TIMBER TESTS, 1906. 



pi»«e nvo. ad 




''Tuakt" Wacjun Bogik Bolstkr, after 14 years' service. 

These bolsters are at present thoroughly sound, and have not shrunk or twisted, 
although ^' |)ut in " when green. 




'Teak" Wagon Bouie Bolster, after 8 years' service (AVERA(iE life). Badly split. 




'American Oak" WAtJox BoiiiE Bolstek, after 5 years' servh-e (average life). 
These bolsters never hist more than eight years, and many have to be removed after four years* service. 



PlR^e B¥o. 9d 



W.A. TIMBER TKSTS, 1906. 




SkCIIoN TU:{nL«JH *'TlAKr" VVA(}i»N HoiilK Bol.STKK, AFIKK 14 YKAUs' SkUVICK. 




Skctiox thkokjh "Amkkican Oak" Wacjon Bouik Bol.stkk, akikk 7 ykaks' Skuvick. 

Both the above sections ai-e takeu through the Bogie Centre pin hole. The "" Tuart " bolster was from the 
•' Heart " wood. 
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W.A. TIMBER TESTS, 1906. 




SkcTION THKOl'CH " TlART " WaHON BoOlE BoLSTKR, Ari'ER 14 YEAKs' SERVICE. 




Skction thu(H'(JIi ''Teak" Wauox Bduie Bolster, afier 8 years' service. 
Both the above sections are taken through the bogie centre bolt holes. 
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W.A. TIMBER TESTS, 1906. 




SKrnu.N THKuU(JH ''Tuart" Bogie Wauon Bolster, after 14 years' service. 




SEorioN TUR'juuu "American Oak" Wagon Bogie Bolster, after G years' service. 
Both the above Bolsters wei*e cut from *' Heart " wood. 



W.A. TIMBER TESTS, 1906. 
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Photographs of "Surface" and *' Sections" ok a Si.eki»er of "Wam>oo" (E. hkdcnca), snowixci avekacje condition 

AFTER 18 years' SERVICE IN ** DIRTY " (iRAVEL BALLAST. 

N.B. — MaDy of these sleepers were tested in "cross bending," and gave results G per cent, only below those obtained with unused 
seasoned timber. The average pull required to draw the " spikes " was 3,408lbR. 
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W.A. TIMBER TKSTS, 1906. 






PH<H'(MiKA:'HS OK 



Sikkack" and ''SKcTfONs" OF A Slkki'Kk ov ''Waximk)" (K. KKDixrA), sH(>\vr\(; avi:i:a(jk 

roNDITlON AFTKK IS YKAKs' SKKVICK IX *M)lKTY " (fKAVKL BaLLAST. 
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W.A. TIMBKH TESTS, 1901). 






Ph(»T(mjkaphs of ** SrHFAcK " and ** Skctions " ov a Slkkpkk ok *• Wandoo " (E. kkdixca), showinc avkkauh 

('(iNIHTION AFTKK S YKAUs' SKKVICK. 



N.IJ. Avei*«<j:e pull re(iuii*e(l to draw the oi'igiiial "Spikes" was 4,4(>21bs. 
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W.A. TIMMKR TK8TS, Um. 





PhOTOCJKAI'HS ok ^'KaKIU" Si.KKPKKS, AKJKK 11) YKAKS' SKKVICK IX DaMP ClUNTUY. 



T\w average pull reciuired to draw the sjiikos was .'3,80011)K. 
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W.A. TIMBER TKSTS, 1900. 






PhoT()(;KAI*HS ok '*8rKKArK" and *' SkcTK^NS '' of a SlKKI-KK of JaKHAH (E. MAIKUXATA), SH(>\VIX< 

AVERAdK CONDITION AFTER 10 YKARs' SKRVICK. 
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W.A. TIMBKR TESTS, 1906. 






*JaKKAH" Si.KKI'KU, AhTKIt 10 YKAUS' SKkVlCK, SII()VVIN(J AVKUAdK CON hi TION. 
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W.A. TIMBER TESTS, 1906. 






PHOTiXiRAPHS (tV " Sl'KKACi: " AXi) "SKlTlnXs" OF Sl.KKPKK i)V *' Br.A<KBrTT " (E. PATENS), SHOWIXti AVhiUAiiK 

COXDITIOX AKTKIJ 4 YKAKs' SKHVICK. 
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W.A. TIMBER TESTS, 11K)6. 






J^I.ArMU 11' ' Sl.KKPKi:, AKIKIJ 1 YKAI.'S* SKK'VICK IN "DlirPY** (iKAVKI, HaM.AST. 

Tilt' average pull leciuM-ed to draw the '* Spikes '" was 3,04()II)s. 
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W.A. TIMBKR TESTS, 1900. 






PHOTOitRAPHS OF '* Sl'UKACK " ANJ» "SllCllnNs" (»K A Sl.KKIMOli <)K '' KkD Gim" (K. (AhnlMI VIJ.a), SIH>\VIN(; AVKRAGE 

CONDITION AKTKK 4 YEAK.s' SEKVICK. 
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W.A. TIMBER TESTS, 191)6. 







" Hkd Gtm " Slkki'er, after 4 years' skuvick. 
The pull required to " di-avv " the spikes from these Sleepei's averaged (),7871bs. 



W.A. TlMl^KR TESTS, 1906. 



Pl»«e M^o. 4fl 






SlKEPER of '* JaRRAH " (E. MAKGINATa), AFTKR 20 YKARs' SKKVK'E IN *' DlRTY " GrAVEL BaLLAST. 

Used in a district with heavy rainfall for four months of the year, the remainder of the year being very hot and dry. 

The average pull required to " draw " the spikes was l,8091bs. 



VV.A. TIMBER TKSTS, 1901). 
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l^llorniiliAIMlS i>K " SiK'KACi: " A N h '* Si:c I lo.NS " <»K A Sl.KKl'Klf (»K '* J AKUAll " (K. MAK(JIXATa), 

AKTKK 20 YKAUS' SlIKVlCK. 

The ''coiuUticHi " of tin's jind of other slccjxTs illustratcMl herewitli ivpreseiits an '* averafife *' of many sleepei'H of each 

variety drawn fix)ni the poad without special selection. 
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W.A. TIMHKR TKSTS, 1JM)(>. 
Viii^sfi Hksuish Tksis. 





Tyi'K.'al i'U'ArTri:i;> of '^ KAiiin '* ( K. luvKnsicnLoK). Matkkiai- wr.i.r. seasmnj:!*, 



W.A. TIMBER TESTS, 1906. 
Cross Bendix(s Tests. 



Plai.«e BVo. 4S 








"TiART" (E. rjOMI'HOCKl'HALA). 



1 



W.A. TIMBER TK8TS, 190(). 
Ckoss Bi:xi)!N(J Tksts. 
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Wanimhj " (E. ui:i)i:nca). 
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W.A. TIMBER TESTS, 1906. 

Ckckss Bendin(; Tests. 






'' Blackhitt " (E. patens). 
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W.A. TIMBER TESTS, 1906. 



VaIOSS JiKXI»IX(J Tks'ivs. 




'' Ri:h (Jim" (K. cAUM-HYhLA). 
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W.A. TIMBER TESTS, 1906. 
Cko.ss Bkndinm; Tksts. 








•' YaT K " ( E . (X)K N L'TA ) . 
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W.A. TIMBKH TESTS, 19U(J. 

( • K OS S ' B !•: X I ) IN ( { T K STS . 








'' J.MiKAH " (K. MAI{(;iNATA). 



W.A. TIMBER TESTS, 1906. 
Cross Bkni)IN<; Tests. 
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'' Kauki" (E. divkksfcoi.ok). 
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W.A. TIMBER TESTS, 190() 



Tknsilk Tksts. 







'Yate" (E. cuhm'ta;. 
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W.A. TIMBER TESTS, 190(J. 



Tkxsilk Ti:si> 







** jAKIfAli "' (E. MAKGINATA). 
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W.A. TIMBER TESTS, 1906. 
Tkxsilk Tksts. 






Kakki" (E. divkk.^icoluk). 
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W.A. TIMBER TESTS, l<)0(i 






W.A. TIMBER TESTS, 1906. 

'' SHEARi\{i " Trsts. Standard Method. 



PlA^e >Yo« se 





•'Si'EClMKXs" BEFORE AND AFTER TesT. 



2Z4. £ 




r^- — wst 



'IVlM<AI. FAIM'RE (>F " YoKK Gl'M *' — END VIEW (E. LUXOPHI.EHA). 





MoRKELL " (E. LONOHOIJNIS). 
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W.A. TIMHKK TKSTS, 1!M)(>. 
Shkakin(j ** Tests. Standaud Mkthod. 



^dUl^ 
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TYncAL Fi.'ArnKKs--*' Yatk " (K. ('(»kxi:'i*a). 







'* TiAiM " (K. «;uMrH(K'(:i'ifALA). 
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W.A. TI.AIB?]R TESTS, ll)Oi>. 

■ SllKAlMNii '' Ti:M>. SiANDAWI" Mf.THoh 



4'.o -a 



•^ 







'• Hl.At'MUTT" (E. I'ATKNS). 







'' Ri:i> (tcm'* (E. cai.oi'iiylla). 



W.A. TIMBER TESTS, 1906. 
" Shkarixu " Tksts. Standaud Mkthod. 
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JaKKAH'* (E. MAK(ilXATA). 
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KaKKI " (E. DlVKKSI(OL(»u). 



W.A. TIMBER TESTS, 1906. 
Shearing " Tests. Sydney Univkrsity Method. 
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''KaHRI" (E. DIVERSICOLun). 




Hvn riiM " (^V. r•AlMp^^vrr^^ 
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W.A. TIMBER TESTS, lOOG. 

8hF:aKIN<J " TksTS. SyINKV UxIVKKSITV MITMnH. 



pisi.«« Mo. ei 




Rkd Gum " (E, calophylla). 




/^Wandoo" (E. eedunca}. 



W.A. TIMBER TESTS, 190(>. 
Shkarinm; " Tksts. Sydney Umvkrsity Mkthod. 
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''Jakrah" (E. MAR(JIXATA). 




*'Ti:art" (E. gomphocefhala). 



W.A. TIMBER TESTS, 1906. 
Shkakixc " Tksts. Sydney University Method. 
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■i. 




YaTE " (E. l(>RNrTA). 




''Tiakt" (E. (JOMPHOCEPHALA). 
The srreat number of fibres that are subjected to and fail under a tensile stress in this method of testing 



AV.A. TIMBER TKSTS, IDOt). 
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"SiiKARiX(j" Tests. 



Sydnky University Method. 



t . ' ■ 1 




mmi 




"\VaNIKM»"' (K. UKIUNCA). 




"Blackbutt" (E. patos;. 
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W.A. TIMBER TKSTS, 1906. 



Tksts in End Comfkessiux. 










TuAKT" (K. GOMI'HOCEPUALA). 
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W.A. TIMBER TESTS, 190»i. 

TeST> in EHI> CoMPliEiSSION. 







Jakuau" (E. makoi.sata;. 



'* > 



W.A. TIMBER TESTS, 1906. 
Tksts in End Cumprkssion. 
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'* lil.ArKIM it" (E. I'ATKNs). 
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W.A. TIMBER TESTS, 1906. 
Tksts in Exi> Cumpkkssidn. 









•Yatk" (E. roHxrTA). 
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W.A. TLMJ5KR TKSTS, IDO^i. 



Tkst.s in End C'omi'Kknsiux. 





> 





WaNIkk) " (E. Ki:i»L'NrA). 
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W.A. TIMBER TESTS, U>06. 
Tests rx End Compkkssiox. 





K.\!m;i ■' (E. |)Ivi:ksicoi/.i;). 
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W.A. TIMBER TESTS, 1906. 
Tksts IX End Compkkssion. 
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BLAtKiurr" (E. i'atkns). 
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W.A. TIMBER TESTS, 1906. 
Tksts IX End Compression. 
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A' 




Hi.AiKiu it" (E. PATHNs). 
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W.A. TIMBP:K tests, 1906. 
Tksts in End C(lmi'Wkssion. 







YaTK" (E. (NMiNTTA), 
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W.A. TlMliKR TESTS, llKMi. 



Tksts in End C()MI'Ki:.s>h>n. 
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Wanikmj" (E. ui:i>l'N(a). 



PlA^e Xfo. TO 



W.A. TIMBER TESTS, 1906. 
Tests in End Comi^kkssiox. 
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Ka!MM ■' (E. |)IVKKSl«'n|/.!{). 
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W.A. TIMBER TKST8, 1906. 
Tksts in End Compkkssiun, 





Gix)up of tested specimens showing the relationship existing between the direction of "sliding" 
and the direction of the " annual rings " in the specimen. 



Plate N° 72. 
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Schedule N?1. 



i 






■V.A.Tinniber Tasta 19oe. 
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